The growth rate of real GDP per capita is represented as a sum of two components -a monotonically decreasing economic trend and fluctuations related to the change in some specific age population. The economic trend is modeled by an inverse function of real GDP per capita with a constant numerator. Statistical analysis data from 19 selected OECD countries for the period between 1950 and 2007 shows a very weak linear trend in the annual increment of GDP per capita for the largest economies: the USA, Japan, France, and Italy. The UK, Australia, and Canada show a larger positive linear trend in annual increments. The fluctuations around relevant mean increments are characterized by practically normal distribution (with Levy tails). Developing countries demonstrate annual GDP per capita increments far below those for the studied developed economies. This indicates an underperformance in spite of large relative growth rates.
Rodriguez-Clare [14] . We agree with Acemoglu and co-authors [1] , who stress the importance of economic institutions for real economic growth, and Jones [6] elaborating on the input of intellectual achievements. There should be basic economic institutions, which "determine the incentives of and the constraints on economic actors, and shape economic outcomes" and a developed framework for testing and implementation of modern ideas -technical, economic, social, etc. However, when established, the institutions are notable to provide any additional input to real economic growth.
In line with Jones and Manuelli [7] , we see the cause for the difference in per capita GDP between developed and developing countries in knowledge, or human capital, and its production and dissemination. The countries that have weaker systems of property rights, or higher wasteful taxation and spending policies, will tend to grow more slowly due to a strong bias of the distribution and evolution of personal incomes [9] .
In this paper, only the evolution of annual increment of real GDP per capita in developed countries is modeled and no special econometric (statistical) techniques are used to validate the concept. The paper includes numerous figures, since the study is a purely empirical one and the best way to present quantitative results related to time series is to visualize them in form of time history. However, our model of real economic growth has been also tested for cointegration [13] . A wide range of specific econometric tools developed for the investigation of real economic growth is presented by Durlauf and co-authors [3] .
Kitov [10] proposed a model with the growth of real GDP dependent only on the change in a specific age cohort in the population and the attained level of real GDP per capita. According to this model, real GDP per capita has a constant growth increment and the observed fluctuations can be explained by the population component change. In developed countries, real GDP per capita has to grow linearly over time, if no large change in relevant specific age population is observed. Relative growth rate of real GDP per capita has to be an inverse function of the attained level of real GDP per capita with a potentially constant numerator for developed economies. This paper is devoted to validation of the model using GDP per capita and population data for some selected developed countries. Our principal purpose is to demonstrate the possibility to decompose GDP per capita growth into the two components.
The model and data
According to [10] , there are two principal sources of the per capita GDP growth in the USA -the change in 9-year old population and the economic trend related to the measured GDP per capita level. The trend has the simplest form -no change in absolute growth (annual increment) values and is expressed by the following equation:
where G is the absolute value of real GDP per capita, A is a constant. The solution of this equation is as follows:
where B=G(t 0 ), t 0 is the starting time of the studied period. Hence, evolution of real GDP per capita is represented by a straight line if the second factor of growth has no cumulative effect. As discussed below, only some developed countries are characterized by a significant influence of the second factor. Then, relative growth rate can be expressed by the following equation:
Equation (3) indicates that the relative growth rate of per capita GDP is inversely proportional to the attained level of real GDP per capita, i.e. the observed growth rate should asymptotically decay to zero with increasing GDP per capita. On the other hand, the lower is the level the higher the growth rate. This inference might be a potential explanation for the concept of economic convergence. Relative growth rate must be higher in less developed countries, but the observed absolute gap in GDP per capita can not be overcome in future [9] unless some non-economic forces will disturb current status quo. When considering real GDP per capita, one has to bear in mind the importance of a correction to be applied to the per capita GDP values related to the difference between the total population and population of 16 years of age and above, as discussed in [10] . Only this economically active population should be considered when per capita values are calculated. By definition, Gross Domestic Income, which is equivalent to GDP, consists of the personal incomes obtained by the population of 15 years of age and over and corporate income, the corporations owned by the same population category. Thus, one can treat the published (original) readings of GDP per capita as biased and to be corrected for (multiplied by) the corresponding population ratio, i.e. the ratio of the total population and the population above 14 years of age. Figure 1 shows the population ratio as obtained from the OECD population data [17] . When absent the missed readings are substitute with those for the closest year from above. Between 1955 and 2003, the ratio is characterized by an overall decrease with a slight increase demonstrated by some countries in the 1960s and 1970s. Currently, all the countries have the ratio below 1.3. In the 1950s, the ratio was above 1.3 for all the countries except Austria and Belgium. The last country met the decrease is Ireland -the drop started in 1980. Italy has had the lowermost ratio since 1970. Figure 1 -Evolution of a ratio of the total population and the population above 15 years of age for the selected OECD countries [17] . High values of the ratio mean a relatively underestimated real GDP per capita and vice versa. A general feature of the curves is that after a small increase observed for some countries in the 1960s and 1970s the ratio decreases into the range between 1. The decreasing ratio implies that the GDP per capita readings during the period between 1950 and 1970 are underestimated compared to those during the last 35 years. The larger is the total drop in the ratio during the entire period of the observation, the larger is the overall correction. In the study, the original and the corrected per capita GDP values are used and compared.
A cross-country comparison implies that GDP per capita is measured in the same currency units. There are two principal possibilities to reduce national readings of GDP per capita to some common scale: to use currency exchange rates or purchase power parities. In the study, we use the latter approach and data provided by the Conference Boars and Groningen Growth and Development Center [2] . For developed countries, two estimates of GDP per capita level are available: measured in 2007 US dollars, for which "EKS" purchasing power parities have been used and that expressed in 1990 US dollars, with the conversion at "Geary-Khamis" PPPs. These PPPs are obtained from the Organization for Economic Co-operation and Development [16] . Being an improvement on the previous dataset, the "EKS" PPPs are considered as more accurate and reliable. Amplitude of the change induced by the transition from "Geary-Khamis" PPPs to those of "EKS" is evaluated for the counties under investigation. This change potentially characterizes uncertainty in the GDP per capita readings obtained with the PPP approach.
Only nineteen from thirty OECD member countries are analyzed. The selected countries meet some general criteria: 1) large economy size denominated in dollars; 2) continuous observations during the period between 1950 and 2007; 3) high level of real GDP per capita. According to the size criterion, small economies like Iceland and Luxembourg were excluded. When applied, the second criterion rejects Germany from the consideration. The third criterion has excluded such countries as Turkey, Poland and other new EU members. Finland and Korea have been excluded from the analysis with no reason at all. Figure 2 illustrates the variations induced by corrections made for the "EKS" PPPs compared to those of "Geary-Khamis". The original values of the mean increment of GDP per capita ("EKS" and "Geary-Khamis") for every country are normalized to the corresponding values for the USA. The normalized values are consistently higher for the "EKS" PPPs, i.e. the GDP per capita values converted at "Geary-Khamis" PPPs were underestimated for all the countries. The difference varies with country and reaches 5% to 7% for Austria, Norway and Ireland. For the largest developed economies, the mean increments of GDP per capita expressed in 2007 dollars converge to that for the USA. We use the GDP per capita readings expressed in 2007 US dollars are used in the study. The only exception is the statistical description of the observed fluctuations. , for which "Geary-Khamis" and "EKS" purchasing power parities have been used respectively. Original values of the mean GDP per capita increment are normalized to the corresponding value for the USA. The normalized values are consistently higher for the "EKS" PPPs (except Canada), i.e. the GDP values converted at "Geary-Khamis" PPPs were underestimated for all the countries. The difference varies with country, however, and is larger than that between the original and corrected for the population values presented in Figure 3 . It is worth noting that the correction for population is of lower magnitude than that induced by the transition from the "Geary-Khamis" PPP to "EKS" one. The population correction is important, however, because it reduces potential uncertainty in the decomposition of the GDP per capita growth into two components. The purchase power parity approach to the estimation of national GDP also needs some further improvements. Magnitude of the difference between the GDP per capita values converted at "Geary-Khamis" and "EKS" PPP sets is too high to believe that all the problems with the homogeneous and accurate cross-country comparison are resolved. 
The trend in real GDP per capita
The nineteenth selected countries are presented in alphabetic order. Figure 4 shows the evolution of the annual increment of real GDP per capita for Australia as a function real GDP per capita for the original and corrected GDP readings. This is a natural visualization of Eq. The model introduced in Section 2 implies that the mean value line has to coincide with the linear regression line, when the population induced component has a zero mean value. The observed fluctuations of the annual increment of GDP per capita are either predetermined or random ones, depending on the characteristics of the defining population changes. In terms of statistics, one could expect a normal distribution of the population changes. The number of processes affecting birth rate, mortality rate, and migration processes is very large and, according to the central limit theorem, leads to an approximately normal distribution of the deviations. However, random fluctuations of population do not presume the unpredictability of real economic growth. For example, the number of nine-year-olds in the USA, which are proved to be the driving force of the growth [13] , can be counted with any desirable accuracy. Statistical features of the increment are discussed later in Conclusion. The linear regression lines differ from that for the mean value.
Australia demonstrates a divergence between the regression lines and the mean value line. A positive linear trend (~0.01) has to indicate a more intensive growth of the specific age population in recent years compared to that in the 1950s and 1960s. This effect is observed also for other English-speaking countries under investigation. The average increment is $478 (2007 $). The largest deviation from the mean is -$1218. The linear trend coefficient is lower for the corrected data set than that for the original set. This is a common feature for almost all studied countries. Table 1 lists the mean values and regression coefficients for all country sets: the original and population corrected ones, converted at the "EKS" and "Geary-Khamis" PPPs. Alphabetically, the following country is Austria. The average increment value for Austria is $570. This value is well above that for Australia. A prominent feature is an almost horizontal regression line for the population corrected data set with the slope of 0.006. Effectively, the mean line and the regression lines coincide, as predicted by (1) . For the original set, the slope is slightly larger (0.009). Therefore, one can conclude that relevant specific age population has changed only marginally during the last 57 years (between 1951 and 2007). The largest fluctuation amplitude relative to the mean value was -$740 in 1993. In relative terms, such a deviation from the mean value is almost 4%.
The average increment in Belgium is $480 and the regressions are characterized by a positive linear trend that is higher for the original readings. The largest deviation from the mean value was -$790 in 1975. As in other countries, the negative deviations are usually sharp and deep somehow compensating longer periods of a weaker positive growth. The last twenty years have been relatively successful for Belgium. One can expect a compensating decrease, as was observed between $22000 and $25000.
Canada is similar to Australia and is characterized by similar mean increment ($470), but lower trend coefficients (slopes). An important feature of the fluctuations in the Canadian economy is their amplitude reaching -$1391from the average value -the highest among the studied economies. The two deep drops at $26000 and $31000 compensate a relatively successful history during the rest of the period. Denmark and France ( Figure 5 ) are similar in terms of weak linear trend, positive for Denmark and negative for France. Corresponding mean increments are also close -$473 and $443, respectively. If to neglect the slight slope observed in France, one can conclude that the observed fluctuations are characterized be a zero mean. Because of a limited time period of the observation, the trend values can be affected by side or truncation effects. The shape of fluctuations differs among the countries but longer periods of observations are necessary for suppressing the side effects.
The Greek economy had some hard years in its history but the last ten years were very successful. The economy is characterized by a relatively the mean increment of $469. The overall performance is expressed in an elevated linear trend. This country can not be used as an example of a developed economy maximizing its performance over years. A more prominent example of an excellent recovery gives Ireland with corresponding results displayed in Figure 6 . A slow start was quickly compensated and the last twenty years of an extremely fast growth resulted in the leading position in the world economy with the mean increment $698. There are some doubts, however, that future will be so successful. Such a long and quick growth always ends up in a depression. This was observed in Japan and is related to the long-term decrease in the number of the specific age population [11] . Ireland has managed to increase birth rate for a very long period and has an age structure similar to that observed in Japan 20 years ago. The population distribution is currently peaked near 20 years with the defining age of 18 years. The years to come will demonstrate only decrease in the defining age population. Figure 4 for Italy. Both the corrected and original GDP values produce a negative trend, the former being of a larger absolute value. Nevertheless, the lines are very close to those for the mean values.
The next three countries are Italy, Japan, and Netherlands. Results for them are represented in Figures 7 through 9 and are similar to those for France -a weak positive or negative linear trend and the mean increment between $444 for Italy and $535 for Japan. These are also good examples of a zero linear trend in the history of GDP per capita increment.
Norway and New Zealand are very similar the pair Ireland/Greece. From the point of view of the current study they do not provide any additional insight into the GDP increment behavior. Portugal is between Greece and New Zealand. Spain and Sweden are similar to other large European economies with a weak linear trend of the per capita GDP increment and the mean value around $450. Switzerland (Figure 10 ) had a decreasing increment which can be potentially explained by a permanent decrease in the young population portion. The UK and USA differ only in the mean increment value: $431 and $557, respectively. Positive linear trend is relatively high for the both countries. The US trend is well explained by the change in the nine-year-old population [10] . When corrected for the integral nine-year-olds change between 1950 and 2007, the US mean value is only $462, i.e. in the tight group of the largest economies. The UK statistical agencies do not provide accurate population estimates for the entire period, but from the mean value one can assume that there was no significant increase in the number of nine-year-olds. Figure 4 for Switzerland. The mean value is $426. The country shows a consistent negative trend in the GDP per capita annual increment.
Conclusion
The nineteen countries show various types of behavior of GDP per capita during the period between 1950 and 2007. There are countries with a slightly negative trend of GDP per capita increment: France, Italy, Switzerland, and Japan. Despite the common negative trend the countries have quite different mean increments. Austria is characterized by an almost zero trend and has a large mean value. One can count it in the club. A majority of European countries including Belgium, Denmark, Greece, Netherlands, Portugal, Spain, and Sweden are characterized by a slightly positive trend. The mean increment value varies, however, from of $323 for Portugal to $502 in Netherlands. Greece and Portugal showed a weak growth in the beginning of the period, but have recovered to a normal pace. There are two outstanding European countries -Ireland and Norway. Their mean increment is very high, but the countries have a strong downward tendency during the last three to five years. One can expect them to follow the path of Japan -from a strong growth to a long period of stagnation. At the same time, the countries are small. Their influence on the world economy is negligible. Thus, we also deny the countries to influence our analysis of economic trend.
The studied English-speaking countries are characterized by a large positive trend, but should be separated into two groups. The first consists of only one member -New Zealand. The principal characteristic is a very poor performance during the entire period. The second includes Australia, Canada, the UK, and the USA. The mean increment for them is between $431 and $557.
The mean increment in the USA corrected for the total nine-year-olds change between 1950 and 2007 equal to 0.82 is only $557*0.82=$462. The mean value obtained with the correction is by about $100 lower than that without the correction. The accurate population estimates available for the USA allowed explanation for not only the trend, but also the largest fluctuations. Smaller deviations from the mean value are compatible with the characteristic noise of the population estimates and are not so well correlated. For France, this factor is 0.97. The author failed to find reliable data for the other countries under study.
We do not consider the countries with known political and economic problems in the past -Greece, Portugal, New Zealand. Overall, they demonstrated consistent underperformance. Switzerland surprisingly joins the club of weak growth, but the reason might be of a different nature -the decreasing population of the defining age.
The above analysis has revealed that the largest developed economies are characterized by very close values of the mean GDP per capita increment for the period between 1950 and 2007. The mean value defines the long-term economic trend. Thus, the countries are characterized by the same trend level not depending on the attained level of GDP per capita.
A different but important question is: What are statistical properties of the residual growthfluctuations? In order to answer the question, frequency distributions in $200 (2007 $) wide bins were constructed for each of the original and population corrected data set. The obtained distributions are then approximated by normal distributions with (trail-and-error) parameters fit mainly the segment near corresponding centers. Figure 11 shows the frequency distribution for the original GDP per capita readings as obtained using "EKS" PPPs. Amplitude of the fluctuations is measured from corresponding mean value for each of the nineteen countries. The distribution is very close to a normal one with the mean value and standard deviation of $0 (the mean value is subtracted) and $400, respectively. The approximating normal distribution is shown by open circles. Both tails of the real distribution are above the predicted values of the normal distribution. This effect is often observed in natural sciences and is associated with inaccurate measurements, limited amount of readings, and sometimes with action of some real factors. One can also suggest that the Levy distribution with heavy tails could better presents the observed tails. Figure 12 displays the same curves for the population corrected GDP per capita. Due to relatively narrower bins ($200 original not equal to $200 corrected for the population ratio) the actual distribution is characterized by higher deviations from a normal distribution. At the same time, the central part of the actual distribution is still very close to the normal one.
From the above results, a successful large economy might be characterized by GDP increment randomly fluctuating around some constant level. It is very probable that the fluctuations are normally distributed. This hypothesis is supported by the above observations and the Jarque-Bera test. After removing five largest (in absolute sense) readings, i.e. the outliers likely belonging to some Levy distribution, from each side of the distribution in Figure 11 , one can obtain skewness of -0.095 and kurtosis 3.08. Hence, JB=1.86 for the set of 1073 readings instead of 1083 original readings. Critical JB value at 5% confidence level for two degrees of freedom is 5.99. The obtained JB < 5.99 and one cannot reject the null hypothesis that the data are from a normal distribution. The full set of 1083 readings is characterized by skewness of 0.035 and kurtosis of 3.48, with JB=11. Obviously, the heavy tails affect the normality test.
There are numerous possibilities to improve convergence of the results if to obtain accurate population data and to enhance the PPP conversion procedure. The mean increment value ~$450 for all countries is a good starting point for calibrating the PPP methodology and evaluation of long term economic performance for developed countries.
Developing counties also can be evaluated according to their compliance to the principal characteristic for developed countries. One may often hear about a "fast" growth of some developing countries like China and India. There is not criterion, however, to compare their growth rate to that expected in the USA, for example, at the same level of economic development. Using the mean increment, one can easily estimate the pace for any developing country compared to that observed in the developed world. For China, India and the (former) USSR, the increment evolution compared to that for France is represented in Figure 13 . One can see that the countries demonstrate increments far below the French mean value (1990 dollars are used as the only available for all the studied countries). Having an intention to catch up a developed economy, any developing country has to analyze its time history of the GDP per capita increment [9] . No deficiency has to be allowed on the way to prosperity because any gap is created forever judging from the history of such successful developed countries as the USA, France and others. Figure 11 for the population corrected data set. Larger deviations from the normal distribution are observed. Figure 13 -GDP per capita increment for China, India and the (former) USSR for the period between 1950 and 2007 compared to that for France. GDP is expressed in 1990 $, the only available estimates for the non-OECD countries. India is far below the mean increment for France, but China has just reached the pace of leading developed countries. For the period of existence (between 1950 and 1990 in the study), the USSR was only about a quarter as effective as France.
